The crista galli is part of the ethmoid bone and, as such, it could be expected that aeration of the crista would come from ethmoid cells. After observing crista pneumatization from the frontal sinuses in several cases, we undertook this study to establish how often crista galli pneumatization came from the frontal sinuses rather than from the ethmoid complex.
T
he crista galli sits in the midline above the cribriform plate. The falx cerebri attaches to its thin and slightly curved posterior border, whereas its shorter thicker anterior border is joined to the frontal bone by 2 small alae, completing the margins of the foramen caecum. Embryologically, the crista galli is derived from the ethmoid bone, and as such, it would seem reasonable that any eventual pneumatization of the crista galli would come from the ethmoid complex. In fact, the conventional thinking has been that the pneumatization occurs from displaced ethmoid cells from the frontal recess region.
1,2 However, supraorbital ethmoid cells are known to extend from the ethmoid complex into the frontal bone, thus crossing from one bone to the other. Because sinus pneumatization is known to cross from one bone to another and with the recent observation that most frontal sinus interseptal cells (immediately adjacent to the crista galli) come from the frontal sinuses and not from the ethmoid complex as previously thought, the possibility exists that pneumatization of the crista galli could also come primarily from the adjacent frontal sinuses. 3 To examine the pathway of crista galli pneumatization, we studied axial and coronal CT scans of the paranasal sinuses on 200 consecutive adult patients to obtain the incidence of crista galli pneumatization and then, if possible, the origin of the pneumatizing cell. In addition, 211 CT scans of the brain, orbits, and/or sinuses were studied in children 0 -12 years of age to see if any crista galli pneumatization occurred before pneumatization of the main frontal sinus cavity into the squamosal portion of the frontal bone.
Materials and Methods
A prospective study of 200 consecutive axial and coronal CT scans of the paranasal sinuses in adult patients was made to assess specifically if the crista galli was pneumatized. If it was pneumatized, an assessment was made as to whether the bony margins of the crista galli were completely intact except at its caudal margin or if there was an extension of either frontal sinus into the crista galli. In the former case, the pneumatizing cell was said to be from the ethmoid complex. In the latter case, the pneumatizing cell was said to be from the frontal sinus. The patients ranged from 21 to 74 years of age, and there were 127 women and 73 men. The images were reviewed by a head and neck radiologist, a neuroradiologist, and an otolaryngologist. Any differing opinions were resolved by consensus.
A second group of 132 CT scans was also studied. These included brain, paranasal sinus, and orbital CT scans on patients 0 -7 years of age, performed in the past year at our institution. These CT scans were assessed for any pneumatization in the crista galli. The number of children in each year of life in this study is shown in the Table. There were 79 boys and 53 girls. A third group of 79 CT scans was studied in patients who were 7-12 years of age. These included brain, paranasal sinus, and orbital CT scans obtained at our institution in the past year. The number of children in each year of life in this study is shown in the Table as is the number of cases of crista galli aeration. There was 1 girl 8 years of age, 1 boy 10 years of age, and 2 boys 11 years of age who had pneumatization of the crista galli, all from the frontal sinuses.
The study was performed with the approval of the internal review board (number 06-0254).
Results
Of the 200 CT scans in adults, there were 26 with some degree of pneumatization of the crista galli (13%). There were 4 cases with only minimal pneumatization and 22 cases with extensive pneumatization (Fig 1) . In all cases, the pneumatizing air cell was either the left (11 cases) or right (15 cases) frontal sinus and the crista galli was pneumatized from its anteriormost surface. In 2 cases, inflammatory disease in a frontal sinus extended directly into the pneumatized crista galli (Fig  2) .
Of the 132 CT scans in patients Յ7 years of age, none had any findings of pneumatization of the crista galli. In the 13 cases with the beginning of frontal sinus pneumatization, the developing frontal sinuses were all anterior and lateral to the crista galli, with no extension toward the crista galli.
Of the 79 CT scans in children 7-12 years of age, there were 4 cases of crista galli pneumatization. In these 4 children, all had well-developed frontal sinuses and the aerating cell was from the frontal sinuses.
There were no discrepancies between observers in interpreting the images.
Discussion
In the embryo, the ethmoidal cartilage consists of both a mesial mass (the mesethmoid), which extends from the sphenoid to the tip of the nasal process, and a pair of lateral masses developed from the lateral nasal processes (the ectethmoid), lateral to the olfactory sacs. The terminal portion of the mesial mass persists as the cartilaginous nasal septum, whereas ossification of the upper portion becomes the perpendicular plate and crista galli. 4, 5 Although some ossification has been reported in the fetus by the 12th week, most ossification of the cartilaginous crista galli starts at approximately 2 months of postnatal life, steadily increases in ossification to 14 months of age, and then slowly progresses until it finishes by 24 months of age. Fig 2. A, Axial CT scan of the paranasal sinuses in a 27-year-old man with sinus pain shows polypoid mucosal thickening extending from the right frontal sinus into a well-pneumatized crista galli (arrow). B, Axial CT scan of the paranasal sinuses in a 49-year-old woman with sinus pain shows extensive mucosal thickening extending from the right frontal sinus into a well-pneumatized crista galli (arrow). There is also mucosal disease in the left frontal sinus.
According to Dodd and Jing 8 and Netter 9 , on average, the frontal sinuses reach the level of the superior orbital rims by 6 -7 years of age. It was because of this observation that we examined CT scans in children younger than 7 years of age to see if any pneumatization of the crista galli could be found. Because the crista is from the ethmoid bone and the ethmoid complexes are pneumatized at birth, it seems reasonable that some crista galli pneumatization would be present if the pneumatizing cells were from the ethmoid complex. In fact, we found no crista pneumatization in this group of children.
We next examined CT scans in children 7-12 years of age to see if any crista pneumatization could be found. In this group of 79 cases, there were 4 children (5% of this group) with crista pneumatization and all 4 of these children had well-developed frontal sinuses, which were the source of the crista aeration.
Using CT scans, Basic et al 10 in a series of 212 patients noted pneumatization of the crista galli in 2.4%. These authors also found that crista pneumatization came primarily from the frontal sinuses, though they did not reveal how many of their 5 patients had suggested pneumatization from the ethmoid sinuses.
Using anatomic material, McLaughlin et al 11 also noted that when pneumatized, the crista galli can drain into either the ethmoid complex or the frontal sinuses, but these authors gave no statistics or case numbers. Traditionally, it had been thought that aeration of the crista galli came from the frontal recess and migrated ethmoid cells. 1, 2, 12 Our series supports the concept that crista galli pneumatization is virtually exclusively from the frontal sinus as a diverticular-like extension into the crista from either the left or right frontal sinus cavity. In our series, we had 13% of adults with crista galli pneumatization.
Our findings are not surprising in view of our earlier observation that frontal intersinus septal cells also come primarily from the adjacent frontal sinuses rather than from ethmoid cells, as previously thought.
Conclusions
As previously noted, the derivation of the crista galli from the ethmoid bone has led, in the past, to the belief that its pneumatization would proceed from the ethmoid labyrinth. Accordingly, disease in a crista galli cell would represent extension of ethmoid sinus pathology, and surgical management should be directed at the ethmoid labyrinth. However, evidence that the primary origin of pneumatization of the crista galli is from the frontal sinus and demonstration of a persistent connection with it should now direct the clinician to focus therapy on the frontal sinus as the source of the disease.
